Histochemical Observations on the Elastic Sheath-elastofibril System of the Dermis*  by Cooper, John H.
The morphology of dermal-epidermal at-
tachment is now almost completely resolved.
Recent electron microscopic studies (1, 2, 3, 4)
have demonstrated that numerous fibrils form
a kind of brushwork in the superficial der-
mis, and that these fibrils either insert into the
subepidermal basement membrane or possibly
even penetrate it in the form of anchoring
filaments (3) to bind to the basal cell mem-
branes at the half desmosomes. Berger and
Hundeiker (2), who used a silver impregnation
method, have suggested that the connecting
fibrils are collagenous; Kobayasi (1, 3) has
placed them in the elastiea system, as offshoots
of the dermal elastic plexus.
The elastiea-basement membrane connec-
tion, indicated by Kobayasi, was previously
described by this author on the basis of optical
microscopic findings (5, 6). Skin sections
were exposed to a sequence of: hyaluronidase
digestion, permanganate oxidation, staining
with Aleian blue at pH 1.5 and oreein counter-
staining. In such sections there was blue stain-
ing both of the subepidermal basement mem-
brane and of a material which ensheaths
dermal elastic fibers and is propagated from
them in the form of fine fibers to connect with
the basement membrane. This method was
soon vitiated by a manufacturer's alteration
of the product Aleian blue (7), whereby
subepidermal basement membrane staining
became unobtainable.
In 1959, however, Fullmer and Lillie (18)
discovered some unusual elastic-like fibers in
the periodontal membrane. These fine fibers
could be stained by elastiea methods (alde-
hyde fuehsin, oreein, etc.) only if they were
first oxidized with peroxy acids; they also
manifested a resistance to acid hydrolysis and
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were accordingly named "oxytalnn fibers".
Similar fine fibers have since been discovered
in ligament, tendon, blood vessel adventitia,
selera, embryonic and reparative connective
tissue, and in the dermis, both as investments
of the epidermal appendages and as prolonga-
tions of dermal papillary elastiea into the sub-.
epidermal basement membrane (9). In the
dermis and certain other locations the fine
fibers differ slightly from oxytalan and have
therefore been named "pre-elastio fibers" (10).
To avoid confusion with ordinary elastic fibers
the term "elastofibril" will be used in place
of "pre-elastie fiber" (10) or the equivalent
"fine connecting fiber" (6) throughout the
remainder of this paper.
The thesis that the dermal elastofibrils are
extensions of an elastic sheath material is re-
affirmed in this paper. In particular it is den-
onstrated that the elastic sheath and the
elastofibrils have identical histoehemieal reac-
tions indicative of a particular chemical com-
position. The work is based on an improved
method ("critical electrolyte concentration")(11) of using modern Alcian blue for the
histoehemieal study of polya.nions.
MATERIAL AND METHODS
Blocks of normal pectoral and suprapubic skin
were obtained from surgical specimens or fresh(less than six hours postmortem) autopsies of
both children and adults. The blocks were fixed
in neutralized 10% formalin, processed to paraffin,
and sectioned at 5 microns.
Peroxy acid oxidation was effected by treat-
ment of sections with 5% aqueous monopersulf-
ate* (12) at 22°C for 2 hours. Performie acid and
peracetic acid were also employed with equiva-
lent but more destructive effects. The oxidation
step (with controls) was followed by staining
either with aldehyde fuchsin or with 0.05% Alcian
blue SGS in various concentrations of aqueous
magnesium chloride solutions buffered to pH 5.8.
As substitutes for peroxy acid, both 0.5% aqueous
potassium permanganate at 22°C for 10 minutes,
and 1% bromine in carbon tetrachloride at 22°C
* Monopersulfate was obtained as the com-
mercial product "Oxone" from E. I. du Pont de
Ncmours and Co., Inc., Wilmington, Del.
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for 30 minutes were used. Methylation, alterna-
tively before and after oxidation, was effected by
0.1 N hydrochloric acid in methanol at 60°C for
up to 24 hours.
The following enzyme treatments (with buffer
controls) wore performed alternatively before and
after the oxidation stop: beta glucuronidaso in
acetate buffer pH 4.5 at 37°C for 24 hours; bovine
pancreatic elastase in O.2M borate buffer pH 8.5
at 37°C for 6 hours.
Ancillary staining methods included: Acid
orcein; Periodic acid-Schiff; Rosindole (13);
Diazotization-S acid (14); IDihydroxydinaphthyl-
disulfide-Fast Blue B (DDD) and Thioglycolate-
DDD (15).
RE5ULT5
One effect of peroxy acid-aldehyde fuchsin
staining, delineation of elastofibrils in the der-
mis (Fig. 1), is reproduced by the pcroxy
acid-Alcian blue technique, whereas the other
main effect of peroxy acid-aldehyde fuchsin,
staining of ordinary elastic fibers (Fig. 1), is
not reproduced with pcroxy acid-Alcian blue.
From this circumstance both morphologic and
histochemical benefits accrue.
Morphologically, peroxy acid-Alcian blue
stainiug reveals not only dense brushworks
of elastofibrils at the dermal-epidermal junc-
tion (Fig. 2) and around epidermal appendages,
but also fine sheaths (Fig. 3) around the
unstained ordinary elastic fibers of the dermis.
There is, furthermore, an evident continuity
of these two forms at the terminations of the
ordinary elastic fibers in the papillary dermis
(Fig. 5), where the nnstained cores of the
fibers taper off but the sheaths are propagated
as arrays of elastofibrils running up to the
dermal-epidermal jnnetion. That the unstained
cores within the sheaths are indeed elastic
fibers can be verified by orcein eounterstaining.
The subepidermal basement membrane does
not stain appreciably with modern Alcian blue
in the absence of preoxidation. In peroxy acid-
Alcian blue preparations the basement mem-
brane probably does stain, but is greatly
obscured by the dense brushwork of connect-
ing elostofibrils at the dermal-epidermal junc-
tion (Fig. 4).
Histochemically the elastic sheath material
and the elastofibrils exhibit identical reactions.
They stain with Alcian blue only after pre-
treatment with perox acid, permanganate, or
bromine. Following such pretreatment they
stain with Alcian blue solutions containing
magnesium chloride up to a maximum con-
centration of 0.4M. In other words the
critical electrolyte concentration (C.E.C.) of
dye-substrate binding is 0.4M.
This staining reaction is only slightly dimin-
ished by methylation prior to oxidation. More
importantly the reaction withstands a post-
oxidativc methylation of even 24 hours dura-
tion, beingS still readily perceptible after such a
procedure (Fig. 5). The only other structures
in skin exhibiting similar staining behavior,
including resistance to post-oxidative methyla-
tion, are stratum corneum (which also has a
C.E.C. of around 0.4M) and hair cortex
(which has a C.E.C. greater than 0.OM).
The enzyme susceptibility of the elastic
sheath-elastofibril system as stained with
peroxy acid-Alcian blue is the same as that
previously reported by Fullmer and Lillie (8,
10) for oxytalan and pre-elastie fibers with
peroxy acid-aldehyde fuchsin. If applied before
oxidation, none of the enzymes exerts any
demonstrable effect on the staining reaction.
When they are applied after peroxy acid oxi-
dation, however, all three enzymes produce
very definite effects. The staining reaction is
abolished by post-oxidative elastase digestion,
and is appreciably diminished by post-oxidative
digestion with either beta-glucuronidase or
hyaluronidase.
For technical reasons the ancillary histo-
chemical tests yield fragmentary results. The
elastic sheath exhibits a moderate periodic acid-
Schiff (PAS) reaction, but the reaction of
the subepiderrnal elastofibrils with this method
is obscured by strongly reactive subepidermal
reticulin. The elastofibrils, on the other hand,
yield weakly positive diazotization-S acid
and thioglycolate-DDD reactions, whereas the
staining of the elastic sheath with these methods
is obscured by staining of the contained elastic
fiber substance. Finally there appears to be a
weakly positive Rosindole reaction, which is
evident mainly in sheaths viewed in cross-sec-
tion (optically the most favorable position for
demonstration of these delicate investments).
The DDD reaction without thioglycolate gives
uniformly negative results.
niscussloN
In studying the relationship of subepidermal
elastofibrils with dermal elastic fibers the
FIG, 1. The peroxy acid-Aldehyde fuchsin method stains both the subepidermal elastofi-
brils and the dermal elastic fibers. Monopersulfate-Aldehyde fuchsin, X 510.
Fia. 2. The peroxy acid-Alcian blue method stains the subepidermal elastofibrils but
only the sheaths of the dermal elastic fibers (which are more clearly shown in Figs. 3 and
4). Monopersulfate-Alcian blue (0.3M MgClz) X 510.
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Fia. 3A. Sheath-stained dermal elastic fibers are seen both in cross-section (near the
heavily-stained mast cell within the rectangle) and longitudinally oriented (at right lower
corner). Monopersulfate-Alcian blue (O.3M MgCI2) X 816.
Fio. 3B. The rectangular field at higher magnification, X 2040
4
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FIG. 4. The strongly stained subepidermal elastofibrils are continuous with sheath-
stained dermal elastic fibers. Monopersulfate-Alcian blue (0.3M MgC12) X 816.
light mieroseopist enjoys three particular ad-
vantages over the electron microscopist. Firstly
the special staining (with aldehyde fuchsin or
Alciall blue) displays two systems of similarly
colored fibers Gil a relatively colorless back-
ground. Secondly the panoramic field reveals a
mutual alignment of the two systems (Fig. 1).
Thirdly the depth and variability of focus per-
mits direct tracing of instances of continuity
between elements of the two systems. Kobayasi,
who succeeded in recognizing the elastofibril-
elastic fiber connection electron microscopically,
appears to have been materially helped by the
electron histochemical technique (copper chela-
tion) which he used (1). The copper chelation
method is a histoehemieal reaction for
phenolic (i.e. tyrosine) residues (14) and, as
the diazotization-S acid results quoted above
indicate, it happens that tyrosine is an ap-
preciable constituent of both the elastic fiber
and the elastofibril.
Both the elastic sheath and the micro-
scopically visible elastofibril, with which it is
continuous, appear from electron microscopic
reports to be aggregates of much finer ele-
ments, the microfibrils (16) or protofilaments
(17) which are only 40 A to 150 A thick. The
histochemistry of the elastic sheath-elasto-
fibril substance is therefore of more than in-
trinsic interest, as it also yields information
on the chemical composition of these important
submicroscopic elements.
The mechanism of Aleian blue staining is
scientifically comprehensible and relatively
simple. The peroxy aeid-Aleian blue technique,
therefore, differs from its aldehyde fuchsin
counterpart in that it can be purposefully
manipulated to produce histoehemically mean-
ingful results. Even with this advantage the
histochemistry of the elastic sheath-elastofibril
system can be only partly resolved and
partly inferred.
Alcian blue is a basic (eationie) dye which
binds virtually exclusively by salt linkage to
4
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FIG. 5. After intensive methylation only the
stratum corneum and the elastofibril-elastic sheath
substance are stained by the method. Monoper-
sulfate-Methylatlon (6000 for 24 hours)—Alcian
blue (0.3M MgC12) >< 775.
basophilic (anionic) groups such as carboxylic
acid, phosphate, and sulfate. Basophilia in-
duced in a previously non-basophilie structure
by peroxy acid oxidation is strong presump-
tIve evidence of the existence of disulfide
groups (usually cystine residues), which yield
yet another basophilie group, sulfonic acid,
on oxidation (18). Induction of such baso-
philia also by bromine is virtually diagnostic
of this reaction (18). A critical electrolyte con-
centration of Alcian blue staining as high as
0.4 M (with magnesium chloride) indicates
strongly dissociating anionic groups, i.e. either
sulfate or sulfonic acid (11). As only sulfonic
acid groups would resist methylation (19) at
60°C for 24 hours, there is firm histochemical
evidence for the presence of appreciable di-
sulfide (almost certainly in the form of cystine
residues) in the elastic sheath-elastofibril com-
plex.
The mechanism whereby peroxy acid induces
susceptibility, in a previously resistant material,
to the two enzymes beta glucuronidase and
testicular hyaluronidasc has been discussed by
Fullmer (20). It seems evident that an ap-
propriate common substrate for the two en-
zymes (and hence a hcxosamine-hexuronic
acid compound) has been either unmasked or
engendered by the treatment. The additional
histochemical finding, noted above, that the
elastic sheath (and presumably also the clasto-
fibril) yields a positive PAS reaction seems,
in the light of Fullmer's suggestions, to pro-
vide the answer. The PAS reaction indicates
a significant hcxosc content; and it is only
necessary to postulate that hexosamine ac-
companies the bexose (as is the case in many
mueoids) and, further, that peroxy acid is
able to oxidize the hexose to a type of hexu-
ronic acid (20), to explain the entire phe-
nomenon. The inference, then, is that the
elastic sheath-elastofibril complex contains a
carbohydrate of hexosamine-hexose type.
It should be noted that these two poly-
saccharolytic enzymes do not completely abol-
ish the staining reaction, presumably because
they do not remove the disuffidc-dcrivcd sul-
fonie acid groups of a protein moiety. Elas-
tase, however, appears to digest the whole
structure as it completely abolishes the stain-
ing reaction. The mechanism hero would appear
to be one previously noted by Romhanyi (21),
whereby any chemical treatment (oxidation,
dcamination, etc.) which lowers the isoclectrie
point of a potential substrate, promotes the
binding of clastase by that substrate. Once it
is bound, clastase appears to act as a rather
general proteolytic enzyme, and in this way
is able to digest oxidized collagen (21). In
the same way elastase appears to attack a pro-
tein component of the oxidized elastic sheath-
clastofibril complex. Further evidence of a
protein component is afforded by the positive
diazotization-S acid and Rosindole reactions,
which indicate respectively tyrosine and trypto-
phan residues.
A synthesis of these histochemical findings
and inferences would indicate that a major
component of the elastic sheath-clastofibril
complex is a mueoprotein, containing hexosa-
mine, hexose, cystinc, tyrosinc, and tryptophan.
This conclusion is in substantial agreement
with at least one published chemical analysis.
Barnes has reported the isolation, from human
thoracie aorta, of a sialomucoprotcin contain-
ing significant quantities of cystinc, tyrosine,
and tryptophan, as well as hexosaminc, hexose,
and sialic acid (22). As this substance was
found to be a substrate of both clastasc and
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elastomucoproteinase, it was tentatively identi-
fied as the same elastic-sheath mucoprotein
whose existence both Loeven (23) and Banga
(24) had previously inferred from enzymologi-
cal findings.
It should be noted that sialic acid remains
to be demonstrated histochemically in the
elastic sheath-elastofibril complex; and that the
otherwise useful Alcian blue-magnesium chlo-
ride technique is apparently rather an in-
sensitive method for this particular anionic
group (25).
In view of a previously published hypothe-
sis that elastica and basement membrane con-
stitute a physicochemical continuum (5), it
should also be noted that chemical analyses of
isolated renal glomcrular basement membrane
have demonstrated, as a major component, a
cystine-containing sialomucoprotein (26, 27)
very similar to that described above. Pre-
liminary histochemical findings also indicate a
marked similarity (including the same post-
oxidative enzyme susceptibility) between renal
glomerular basement membrane and the dermal
elastic sheath-clastofibril complex (25).
SUMMARY
Peroxy acid-Alcian blue staining demon-
strates that the dermal elastofibrils (pre-elastic
fibers), which connect with the subepidermal
basement membrane, are extensions of a ma-
terial which eusheaths the dermal elastic fibers.
This elastic sheath-elastofibril complex (which
ultrastructurally will represent aggregates of
microfibrils) is shown histochemically to be a
mucoprotein, containing hexosaminc, hexose,
cystine, tyrosine, and tryptophan. Though
sialic acid has not so far been demonstrated
histochcmically, this mucoprotcin can probably
be correlated with cystine-containing sialo-
mucoproteins which have been isolated chemi-
cally from aortic elastic tissue and from renal
glomerular basement membrane.
REFERENCES
1. Kobayasi, T.: An electron microscope study
on the dermo-epidermsl junction. Acta
Dermatovener., 41: 481, 1961.2. Berger, H. and Hundeiker, M.: Elektron-
enmikroskopische Befunde zur dermo-epi-
dermalen Verbindung menschlicher Haut.
Arch. Khn. exp. Derm., 228: 385, 1967.
3. Kobayasi, T.: The dermo-epidermal junction
in bullous pemphigoid. Dermatologica, 134:
157, 1967.
4. Swanson, 5. L. and Heiwig, E. B.: Special
fibrils of human dermis. 5. Invest. Berm., 50:
195, 1968.5. Cooper, J. H.: The basement membrane-
elastica system of the dermo-epidermal junc-
tion. Nature (London), 178: 643, 1956.
6. Cooper, J. H.: Microanatomical and histo-
chemical observations on the dermal-epi-
dermal junction. Arch. Derm., 77: 18, 1957.
7. Mowry, R. W.: The special value of methods
that color both acidic and vicinal hydroxyl
gronps in the histochemical study of mucins.
Ann. N. Y. Acad. Sci., 106: 402, 1963.
8. Fullmer, H. M., and Lillie, R. D.: The oxy-
talan fiber, a previously undescribed con-
nective tissne fiber. J. Histochcm. Cytochem.,
6: 425, 1958.
9. Hasegawa, J.: "Oxytalan" fibers of the dermal-
epidermal junction. Arch. Berm., 82: 250,
1960.
10. Fullmer, H. M.: A comparative histochemical
study of elastic, pre-elastic, and oxytalan
connective tissue fibers. 5. Histochem. Cyto-
chem., 8: 290, 1960.
11. Scott, 5. E. and Dorhng, 5.: Differential stain-
ing of acid glycosaminoglycans (mucopoly-
saccharides) by Alcian blue in salt solutions.
Histochemie, 5: 221, 1965.
12. Rannie, I.: Observations on the oxytalan
fibre of the periodontal membrsne. Trans.
Europ. Orthodont. Soc., 39: 127, 1963.
13. Glenner, C. C.: The histochemical demon-
stration of indole derivatives by the rosin-
dole reaction of E. Fischer. J. Histochem.
Cytochem., 5: 297, 1957.
14. Clenner, C. C. and Lillie, R. B.: Observations
on the diazotization-conpling reaction for
the histochemical demonstration of tyrosine.
Metal chelation and formazan variants. J.
Histochem. Cytochem., 7: 416, 1959.
15. Barrnett, R. J. and Seligman, A. M.: Histo-
chemical demonstration of protein-bound
sulfhydryl groups. Science, 116: 323, 1952.
16. Haust, M. B.: Fine fibrils of extracellular space(microfibrils). Their structure and role in
connective tissue organization. Amer. 5.
Path., 47: 1113, 1965.17. Hashimoto, K. and DiBella, R. J.: Electron
microscopic studies of normal and abnormal
elastic fibers of the skin. J. Invest. Berm.,
48: 405, 1967.
18. Lillie, R. B., Bangle, R. and Fisher, E. R.:
Metachromatic basophilia of keratin after
oxidation-cleavage of disulfide bonds. J.
Histochem. Cytochem., 2: 95, 1954.
19. Lillie, R. B.: Histopathologic Technic oad
Prccticol His tochemistry, 3rd ed. McCraw-
Hill Book Company, New York, 1965.
20. Fullmer, H. M.: Effect of peracetic acid on
the enzymatic digestion of various muco-
polysaccharides: reversal of the PAS staining
reaction of mnein. J. Histochem. Cytochem.,
8: 113, 1960.
21. Romhhnyi, G.: Histochemische Ijntersuchun-
gen iiber die emzymatische Lösbarkeit der
elastischen Fasern durch Elastase. Acta
histochem., 8: 340, 1959.
22. Barnes, M. J.: The isolation and characteri-
zation of a sialomucoprotein from human
thoracic aorta, pp. 145—15 1, Sf ructure ovid
Function of Connective and Skeletal Tissue.
Butterworth and Co. Ltd., London, 1965.
23. Loeven, W. A.: Elastolysis; remarks on some
176 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
properties of elastomucase and elastopro-
teinase purified by means of starch column
electrophoresis. Acta Physiol. Pharmacol.
Neerl.,9: 473, 1960.24. Banga, I.: The degradation of human aortic
wall with elastomucoproteinase. Biochem.
J., 84: 116P, 1962.
25. Cooper, J. H.: Unpublished observations.
26. ICefalides, N. A. and Winaler, H. J.: The chem-
istry of glomerular basement membrane and
its relation to collagen. Biochemistry, 5: 702,
1966.
27. Spiro, H. G.: Studies on the renal glomerular
basement membrane; preparation and chem-
ical composition. J. Biol. Chem., 42: 1915,
1957.
